Many different species of the order Carnivora are susceptible to canine distemper, and the mortality rate varies greatly among species. 1, 13 The binturong or bear cat (Arctictis binturong, family Viverridae) has grizzled gray-black, coarse, swirled hair and is unique in its family in possessing a partially prehensile tail. 14 Reports of susceptibility of the binturong to canine distemper are based on clinical observations, but there has been no recovery of the virus or histopathologic documentation of infection. 2 This report documents the light microscopic, ultrastructural, and immunohistochemical findings of canine distemper in binturongs.
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Many different species of the order Carnivora are susceptible to canine distemper, and the mortality rate varies greatly among species. 1, 13 The binturong or bear cat (Arctictis binturong, family Viverridae) has grizzled gray-black, coarse, swirled hair and is unique in its family in possessing a partially prehensile tail. 14 Reports of susceptibility of the binturong to canine distemper are based on clinical observations, but there has been no recovery of the virus or histopathologic documentation of infection. 2 This report documents the light microscopic, ultrastructural, and immunohistochemical findings of canine distemper in binturongs.
Four males (ages 1, 2.5, 2, and 7 years) of 7 binturong in a private collection exhibited clinical signs of anorexia and lethargy for 2 weeks and then died. Initially, the binturong passed blood and mucus in feces, followed by mucoid discharge from the eyes and nose. Footpads of all affected animals were thickened. The referring veterinarian treated the affected animals symptomatically. None of the binturong in the collection had been vaccinated for canine distemper. Serum from 1 of the affected animals that had been collected and banked prior to the time of illness was submitted for evaluation of the canine distemper virus (CDV) antibody titer. a The animals were submitted to the Veterinary Medical Teaching Hospital at the University of Florida for necropsy. Tissues obtained at necropsy were fixed in 10% neutral buffered formalin, embedded in paraffin, and stained with hematoxylin and eosin (HE) and Luxol-fast blue. Lung and footpad sections were submitted for immunofluorescence testing, and frozen tissues were submitted for virus isolation. b,c For transmission electron microscopy, formalin-fixed tissues were cut into 1-mm-square blocks and postfixed in 2% glutaraldehyde in 0.1 M cacodylate buffer. Ultrathin sections were stained with 2% uranyl acetate and Reynolds lead citrate.
Grossly, lungs were diffusely red and tan with pleural petechiae and consolidation of the cranioventral portions. Footpads were thickened, with marked hyperkeratosis and scaling of the epidermis (Fig. 1 ). Mild congestion of the stomach and small intestine was noted. An attempt to isolate virus from the lung was unsuccessful in 3 animals. In addition, serum titers for IgG and IgM performed on 1 of the affected animals were interpreted as negative for CDV infection.
All the binturong had interstitial pneumonia and suppurative bronchopneumonia of varying severity. Necrosis, attenuation, and loss of bronchial and bronchiolar epithelial cells and less commonly hyperplasia were seen. Alveolar septa were lined by hyperplastic type II pneumocytes and thick hyaline membranes, and septa were expanded by a proteinaceous substance, macrophages, and lymphocytes. Alveolar spaces were partially to completely occluded by serofibrinous exudate, macrophages, lymphocytes, sloughed pneumocytes, erythrocytes, and neutrophils. Intranuclear and/or intracytoplasmic inclusions were present in multinucleate syncytial cells, sloughed pneumocytes, and epithelium of bronchi, bronchioles, and bronchial glands. The interlobular septa were widened markedly due to edema and dilated lymphatics. The secondary suppurative bronchopneumonia was multifocal and anteroventral, with gram-positive bacteria.
Skin from the footpad exhibited marked orthokeratotic and parakeratotic hyperkeratosis with subjacent micropustules and colonies of gram-positive cocci; skin changes were milder elsewhere. In 2 binturong, there were yeasts with pseudohyphae within the keratin. The epidermis was hyperplastic, with marked ballooning degeneration and necrosis of keratinocytes in the stratum spinosum. Intracytoplasmic inclusion bodies were often present in the swollen keratinocytes, and there were numerous intraepidermal multinucleate syncytial cells with intranuclear inclusions (Fig. 2) .
In the liver of 1 binturong, there was a focally extensive area of hepatocellular coagulative necrosis, with numerous tachyzoites of Toxoplasma gondii within macrophages. In 2 animals, the Luxol-fast blue myelin stain revealed mild demyelination with spongiosis of the white matter tracts in the brain stem and cerebellum, and 1 binturong had rare intranuclear inclusions within neurons of the brain stem. All binturongs had mild to moderate lymphoid depletion and accumulation of debris in the spleen and lymph nodes. Septic emboli were present within blood vessels in liver, kidney, lung, spleen, and heart.
When sections of footpad and lung were stained for CDV antigen utilizing fluorescein-conjugated antibody and examined with ultraviolet light, there was intense staining of intracytoplasmic inclusions in keratinocytes ( Fig. 3 ) and minimal staining of syncytial cells. Fluorescence was detected within intact and exfoliated epithelial cells within alveolar spaces.
Ultrastructural examination of skin revealed random single or (rarely) multiple, non-membrane-bound, compact aggregates of viral nucleocapsids in keratinocytes ( Fig. 4) , which corresponded to the eosinophilic inclusions seen by light microscopy and with the fluorescent antibody staining. The inclusions were identified readily as filamentous aggregates of CDV nucleocapsids. 5 Viral inclusions in the lung were difficult to identify because of poor cytomorphologic preservation.
Numerous animal species are susceptible to natural infection with CDV, including those belonging to the orders Carnivora, suborder Fissipedia (families Canidae, Mustelidae, Hyaenidae, Procyonidae, Ailuridae, and Viverridae) and suborder Pinnipedia (family Phocidae), as well as artiodactyls (family Tayassuidae) and primates (family Cercopithecidae). 1, 12, 13 Although the virus is transmitted readily between susceptible species, domestic dogs remain a primary reservoir. 9 The histologic findings in the lungs and footpads, particularly the presence of syncytial cells and intranuclear and intracytoplasmic inclusions, the demonstration of viral antigen by immunofluorescence, and the presence of viral nucleocapsids revealed by ultrastructural examination, confirm the susceptibility of binturongs to CDV infection. Micro-scopic tissue changes were similar to those of dogs with CDV infection. 6 The numerous syncytial cells with both intranuclear and intracytoplasmic inclusions in the epidermis of the footpad were distinctive, similar to lesions reported in the footpad of dogs. 11, 15 Nonsuppurative encephalomyelitis, a lesion usually observed in dogs and other species with canine distemper, was not evident in these binturongs. A marked bacteremia and rapid death might have precluded full expression of the disease in these animals.
The diagnosis of CDV infection in exotic captive or freeranging carnivores is initially based on clinical signs and is difficult to verify. Serology is often nondiagnostic because infected animals may not have developed measurable antibody levels, as was the case with 1 of the binturongs in this report. Demonstration of inclusion bodies and/or CDV antigen in conjunctival smears, buffy coat, or elsewhere confirms the diagnosis. Virus can be isolated from buffy coat cells during infection. 1 Although virus isolation was unsuccessful in 3 animals, intracytoplasmic inclusions were consistently present in keratinocytes of footpads and fluoresced intensely with fluorescein-conjugated antibody. The evaluation of skin biopsies from the footpad may be a feasible alternative for antemortem diagnosis in binturong.
The source of infection for these binturong is unknown. There is no evidence that the binturong were in contact with infected dogs: however, because terrestrial mammals infected with morbilliviruses excrete large amounts of virus, lateral interspecies transmission by aerosol is likely. 9 Because vaccine-induced distemper has been reported in a lesser panda, a black-footed ferret, an African hunting dog, and a kinkajou, the potential for modified live CDV vaccine to cause disease should be considered. 3, 4, 7, 10 Modified live virus vaccine has been used successfully in binturong and is believed to confer consistent and long-lasting protection. 8 Subsequent to the outbreak of distemper in this collection, the 2 surviving females were vaccinated with a killed vaccine d and have not succumbed to the disease, but the juvenile male died prior to vaccination and no necropsy was performed.
Acknowledgement. We acknowledge the Electron Micros- discovered, followed 2 days later by marked edema of the right hind leg. The leg did not reduce in size, and the wound continued to bleed despite administration of antiinflammatory drugs, antibiotics, and hydrotherapy. The horse was presented to Purdue University Veterinary Teaching Hospital for euthanasia and subsequent necropsy. On physical examination, the horse had marked edema of the entire length of the right hind leg. A 5-cm-long external wound on the medial aspect of the thigh was surgically explored. The wound narrowed internally but extended deep to the extent of digital palpation in a dorsolateral direction. The wound bled profusely during physical examination. The horse was underweight despite reports of a good appetite. Euthanasia was performed.
The horse was submitted to the Animal Disease Diagnostic Laboratory for necropsy within 2 hours of death. An infiltrative, multilobulated, dark red and yellow, mottled soft mass was identified subperitoneally in the pelvis, dorsally to the pubic and ischiatic bones. The mass was partially surrounded by a thick fibrous capsule with multiple fibrous tissue septa forming large blood-filled spaces. The mass cov-
